The influence of L-ascorbic acid at 40 C incubation on the subfragment-1 and rod regions, prepared by chymotryptic digestion of myosin, and myosin was investigated by SDS-polyacrylamide gel electrophoresis and transmission electron microscopy respectively. It was observed that L-ascorbic acid acted more readily on the subfragment-1 region of myosin. Further, circular dichroism measurement indicated that L-ascorbic acid did not affect the structure of myosin. These results suggest that L-ascorbic acid acts more readily on the myosin subfragment-1 region and promotes the gelation of myosin without producing a conformational change in this protein.
In a series of previous studies on the beneficial effects of L-ascorbic acid (AsA) on heat-induced fish gel (kamaboko), [1] [2] [3] [4] [5] it was found that the superoxide anion radical generated during the oxidation of AsA in the presence of transition metals (e.g., iron) removes hydrogen radicals from sulfhydryl (SH) groups on myosin, resulting in the production of thiyl radicals (S . ). The reaction between pairs of S . causes the formation of disulfide (SS) bonds between myosin heavy chains (MHC), creating a network structure that increases the strength of the gel (Fig. 1) . 4, 5) Recently, we detected directly the generation of S . in myosin derived from live carp with electron spin resonance (data not shown), and proved that the mechanism shown in Fig. 1 was right as to the beneficial effects of AsA on heat-induced fish gel. Myosin comprises two structural regions: a globular double-head termed subfragment-1 (S-1) and a coiledcoil long flexible tail termed rod; these two regions play important roles in thermal gelation. It is known that the S-1 region is packed through the formation of SS bridges. This bridge formation connects the rod regions, creating a network structure, [6] [7] [8] [9] resulting in the formation of a gel such as heat-induced fish gel. Then we investigated to determine whether AsA promotes this thermal gelation, producing the beneficial effects. The thermal behaviors of the S-1 and rod regions, prepared by chymotryptic digestion of myosin, and myosin in the presence of AsA were investigated by SDS-polyacrylamide gel electrophoresis (PAGE) and transmission electron microscopy (TEM) respectively, and were compared with the behavior of these regions and myosin in the absence of AsA respectively. Using the above results, we attempted to identify which region of myosin AsA acts upon. Moreover, the possibility that the structural changes in myosin due to AsA trigger the mechanism described in Fig. 1 was also investigated by circular dichroism (CD). 
Communication
Live carp, Cyprinus carpio, were purchased from a local market. The chemicals used were of reagent grade and were obtained from Nakalai Tesque (Kyoto, Japan) and Wako Pure Chemicals (Osaka, Japan).
In the preparation of the myosin solution, all steps were performed at 4 C. Myosin was prepared by a modification of the method of Takashi et al. 10) To remove the sarcoplasmic proteins, coarsely minced dorsal muscles of the live carp were homogenized with 4 volumes of sodium phosphate buffer (pH 7.5, I ¼ 0:05), and then centrifuged at 3;500 Â g for 10 min. This step was repeated two more times. To the resulting residue, 3 volumes of 20 mM sodium phosphate buffer at pH 6.4 containing 0.45 M NaCl, 0.1 mM MgCl 2 , and 0.4 mM ATP was added and stirred slowly for 5 min. The mixture was then centrifuged at 25;000 Â g for 15 min, and a crude myosin solution was obtained as the supernatant. Ten volumes of distilled water were added slowly, and the solution was centrifuged at 10;000 Â g for 10 min. The resulting precipitate, crude myosin, was dissolved with 7 volumes of 20 mM sodium phosphate buffer at pH 6.8 containing 0.3 M NaCl, and stirred slowly for 30 min to extract myosin. The solution was centrifuged at 25;000 Â g for 60 min and the supernatant was obtained. We refer to it as the ''myosin solution.'' The protein contents of the myosin and modified myosin were determined by the method of Lowry.
11)
The myosin solution was dialyzed against 20 mM sodium phosphate buffer at pH 7.0 for 60 min at 4 C, and chymotryptic digestion of myosin was performed by a modification of the method of Kato and Konno. 12) To the myosin solution after dialysis, 1 mM of ethylendiaminetetraacetic acid and a concentration of chymotrypsin equivalent to 1/500 (w/w) of myosin was added. The solution was incubated at 20 C for 60 min, and digestion was stopped by the addition of 1 mM phenylmethylsulfonyl fluoride. The reaction mixture was dialyzed against 20 mM sodium phosphate buffer at pH 7.0, including 0.3 M NaCl for 60 min at 4 C, and a mixture containing the S-1 and rod regions of myosin was obtained.
To 990 ml of the mixture containing the S-1 and rod regions, 10 ml of 20 mM sodium phosphate buffer at pH 7.0, including 0.3 M NaCl, or a buffer containing 20% AsA, was added, and both mixtures were incubated at 40 C for up to 60 min. The effect of AsA on the S-1 and rod regions during heating was investigated by SDS-PAGE analysis.
One-quarter milliliter of each kind of the mixtures containing the S-1 and rod regions before and after incubation was added to 0.75 ml of a 0.125 M Tris-HCl buffer at pH 6.8 containing 4% SDS and 20% glycerol. After 2-mercaptoethanol was added to part of each sample to a final concentration of 10%, the mixture obtained was heated at 100 C for 3 min and SDS-PAGE was performed at 20 mA for approximately 60 min, as described by Laemmli. 13) The amounts of the bands of the S-1 and rod regions in each SDS-PAGE pattern sample were determined at 640 nm with a densitometer (Shimadzu CS-9000 dual-wavelength flying-spot scanner; Shimadzu, Kyoto, Japan).
For the TEM observation, a myosin solution was prepared by stirring crude myosin in 20 mM Tris-HCl buffer at pH 7.0, including 0.3 M KCl, instead of a phosphate buffer. To 990 ml of this myosin solution, 10 ml of 20 mM Tris-HCl buffer at pH 7.0, including 0.3 M KCl, or a buffer containing 20% AsA, was added, and both mixtures were incubated at 40 C for 15 min. TEM observation was carried out on a JEOL JEM-1010 electron microscope (Jeol Datum, Tokyo) operated at 75 kV, according to Katoh and Morita. 14) For observation of myosin molecules, each mixture before and after incubation was diluted to 10 mg/ml in 60% glycerol and 0.4 M ammonium acetate, sprayed onto freshly cleaved mica, and rotary-shadowed with platinum at an angle of 6 . For CD measurement, the myosin solution was diluted to 0.1 mg/ml in 20 mM sodium phosphate buffer at pH 7.0, including 0.3 M NaCl. To 990 ml of the diluted myosin solution, 10 ml of 20 mM sodium phosphate buffer at pH 7.0, including 0.3 M NaCl, or a buffer containing 20% AsA, was added. Both solutions were incubated at 40 C for 60 min, and CD measurement was performed. CD spectra were recorded at 4 and 40 C for the diluted myosin solutions before and after incubation respectively, with a J-720 spectropolarimeter (Jasco, Tokyo). Ellipticities at 222 nm, ½ 222 , were measured in a 0.1-mm path length jacketed cell. A mean residue weight of 115 was assumed. The -helical content was estimated by Eq. (a) below on the basis of the datum of Holzwarth and Doty 15) that ½ 222 of poly-L-glutamic acid is À40;000 when poly-L-glutamic acid has a completely helical structure.
The data were recorded 3 times and averaged. Unless otherwise stated, each result is presented as the mean AE SD of at least triplicate samples. The significance of differences was evaluated by Student's t-test.
Using a mixture containing the S-1 and rod regions prepared by chymotryptic digestion of myosin, we examined the regions on which AsA acted more readily. The influence of AsA on changes in the S-1 and rod regions on incubation at 40 C for 60 min was examined by SDS-PAGE (Fig. 2) . Minor changes were observed in the protein composition of the S-1 and rod regions after heating at 40 C for 60 min in the absence of AsA (Fig. 2, lane B) . The major change observed in the presence of AsA was decreases in the amounts of MHC, S-1, and rod (Fig. 2, lanes C-E) . These decreases in the MHC, S-1, and rod regions were mainly due to the polymerization of these regions via SS bridges, because the original amounts of the MHC monomer, S-1, and rod were restored by 2-mercaptoethanol (Fig. 2, lanes H-J) . The changes in the amounts of the S-1 and rod regions on heating at 40 C were followed densitometrically.
The amounts of the S-1 and rod regions decreased to 37:1 AE 5:2% (n ¼ 3) and 77:4 AE 6:8% (n ¼ 3) respectively after incubation for 60 min. A significant difference was observed between the values for the two regions (p < 0:01), confirming that polymerization via SS bridges in the S-1 region occurred more easily than in the rod region due to AsA. These results suggest that AsA acts more readily on S-1 than on the rod regions. We further examined this feature by TEM. Myosin oligomers formed by thermal treatment in the absence and presence of AsA were visualized by electron microscopy (Fig. 3) . With regard to unheated myosin, almost the entire molecule was dispersed as a monomer; the molecule exhibited the conventional twoheaded structure, i.e., two heads connected to a long flexible tail (Fig. 3A) . However, on heating at 40 C for 15 min, the myosin heads were tightly packed, such that no individual head was distinguishable (Fig. 3B and C) . Moreover, we observed that in the presence of AsA, more myosin molecules were packed to form an aggregate (Fig. 3C ) than in the absence of AsA (Fig. 3B) . Based on the result shown in Fig. 2 , in which AsA acts more readily on S-1, the image in Fig. 3C is considered to be the aggregate that results from more S-1 regions packed by AsA. These results suggest that AsA promotes binding in the S-1 region of myosin.
The results obtained by SDS-PAGE analysis and TEM suggest that AsA acts readily on the S-1 region, promoting the thermal gelation of myosin by which the S-1 region is packed via the formation of SS bridges. This binding formation results in the connection of rod region, creating the network structure of myosin. [6] [7] [8] [9] The myosin solution was incubated at 40 C for 60 min in the absence or presence of AsA, and thehelical contents were compared before and after heating (Fig. 4) . Before heating, the -helical content in myosin in the absence (Fig. 4A) and presence (Fig. 4B ) of AsA were almost same, and there was no significant difference between these values. After heating, the values for the former and the latter decreased significantly (Fig. 4) , but there was no significant difference between these values ( Fig. 4C and D) . These results suggest that AsA did not produce remarkable changes in the conformation of myosin. The present results indicate that AsA promotes the thermal gelation of myosin by which the S-1 region is packed via the formation of SS bridges. This binding formation brings out the connection of rod region, creating the network structure of myosin, [6] [7] [8] [9] to become a gel such as heat-induced fish gel. Moreover, it was also confirmed that AsA does not trigger gel formation by bringing about a conformational change in myosin, and that it promotes gel formation according to the mechanism (Fig. 1) proposed by Nishimura et al. 
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